Mammalian Epidermal Messenger RNA: Identification and Characterization of the Keratin Messengers  by Gibbs, Peter E.M. & Freedberg, Irwin M.
0022-202X/ 80/ 7404-0382$02.00/ 0 
TH E JOURNAL OF I N VESTI GATIV E D E RM ATOLOGY , 74::J82- :J88, 1980 
Copyrigh L © 19 0 by The Williams & Wilkins Co. 
REPORTS 
Vol. 74 . No. G 
Printed in U.S .A. 
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PETER E .M . GIBBS, PH.D ., AND IRWIN M. FREEDBERG, M.D. 
Department of Derm atology, J ohns H op/.>ins Medica. / Institu tions, Balt imore, Mary land, U.S.A . 
A messenger RNA fraction which directs the synthesis 
of epidermal keratins and other skin proteins has been 
isolated from adult guinea pigs and newborn rats, utiliz-
ing techniques designed to minimize degradation by en-
dogenous nucleases. 
During the initial extraction procedures an inhibitor 
of translation was identified. This inhibitor could be 
removed by sedimentation of the RNA through cesium 
chloride. Electrophoresis of the resulting RNA on dena-
turing agarose/ urea gels indicated that, in addition to 
18S and 28S ribosomal RNAs, several minor species 
ranging in size from lOS to 28S were present. This het-
erogeneous RNA stimulated the incorporation of radio-
active amino acids into prote in in a reticulocyte lysate 
system which had an absolute dependence on added 
mRNA. A fraction of the RNA was retained on oligo(dT)-
cellulose, indicating the presence of poly(adenylic acid) 
sequences. This poly(A)-rich material was considerably 
enriched for mRNA activity. Analysis of the products of 
synthesis indicated that proteins which migrated asker-
atins in 1- and 2-dimensional e lectrophoretic systems 
were major translation products of both the unfraction-
ated mate rial and poly(A)-containing fractions . The 
minimum sedimentation coefficient of keratin mRNAs 
was found to be 18S, a value consistent with the molec-
ular weight of the keratin polypeptides. 
Gene expression in mammalian t issues is regulated qualita-
tive ly and qua ntitatively at t he level of t ranscription of DNA 
into messe nger RNA and t he subsequent translation of mRNA 
to prote in . The major gene product of epidermis is keratin , a n 
insolu ble fibrou s protein [1 - 4] wh ich is a lso found at varying 
concentrations in other epi the lia l ceUs [5-7], where it serves as 
a component of the cytoskeletal structure. The polypeptides of 
keratin a re heterogeneous [2-8], but homologous [8]; t his ho-
mology apparen tly extends to the keratins found in other tis-
sues, as t he proteins share antigenic determinants [6,7]. 
It is to be expected , in view of the presence of a family of 
re lated proteins, that a fa mily of related ke ratin mRNAs would 
be obse rved . Such a result has been observed with the keratin 
mRNAs of the chicken feathe r [9]. The feather data, however 
are not directly applicable to the ma mma lia n epiderma l system, 
s ince there a re marked differences in the proteins of the 2 
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Abbrev iations: 
Oli go(dT )-cellulosc: Oligo(deoxythymidylic acid)-cellulose 
Poly(A): Poly(adenylic ac id ) 
S DS: sod ium dodecyl sulfate 
1'ris: Tris(hydroxymethyl) aminomethane 
systems (compare references 4, 10) a nd in the pattern of differ-
entiation of the t issues [1]. It has been demonstrated in several 
t issues that t he key step in the expression of a specific gene is 
the accumulation or modulation of specific mRNA species in 
the cell. Thus, for example, accumulation of globin in reticulo-
cytes (e .g. , 11) , of egg white proteins in the hen oviduct [12] 
and levels of albumin synthesis in liver under different hor-
monal effects [13,14] are a ll absolu tely dependent upon the 
levels of a ppropriate specific mRNAs. 
F ew studi es on ma mmalia n ke ratin messenger RNA have 
been described, perhaps because of problems introduced by the 
high levels of ribonuclease activity in the mammalian epide rmis 
[15]. Steinert and Rogers described t he isolation of polyso mes 
active in protein synthesis [16] a nd demonstrated that these 
would synthesize low-sulfw· keratin proteins [17]. Simila1· syn-
thetic studies of epidermal and hair root proteins have been 
undertaken in our laboratory for a number of years [18]. 
The experiments which we now report indicate t hat we have 
been able to circumvent the problems posed by the ribonucl ease 
activity of the epidermis and have been able to isola te RNA 
species from both epidermis and whole skin which are ca pa ble 
of stimulating protein synthesis in an mRNA-dependent r etic-
ulocyte lysate. Some of the proteins synthesized are of high 
molecular weight, and among the major protein products a re 
species which migrate on SDS gel e lectrophoresis as ke ratins. 
Furthermore. when t hey are a nalyzed on a sensitive 2-dimen-
sional electrophoretic system, prote ins synthesized in. vitro 
comig:rate with carrier kerat ins . Some, but not all , of t hese 
presumptive keratin mRNAs ar e polyadenylated, and they have 
a minimum size of approximately 18S, whjch is close to the 
predicted s ize based on the coding potent ia l required for the 
proteins. 
MATERIALS AND METHODS 
(i) Materials 
["H)-leucine ( 110 Ci/ mol) , ["H)-isoleucine (105 Ci/mmol) and ["''S]-
methionine (app. 500 Ci/mmol) were purchased from New England 
Nuclear. Guanidine-HCl was from Sigma, or Bethesda Research Lab-
oratories. Proteinase K was obtained from EM laboratories, sucrose 
(u ltrapure) from Schwarz-Mann and CsCl from Harshaw Chemical 
Company. Ol igo(dT)-cellulose, grade T3 was from Collaborat ive Re-
search, Waltham, Massachusetts. 
(ii) Preparation of Tissues 
Adu lt guinea pigs were shaved with clippers, sacrificed by cervical 
dislocation and exsanguination after which residual body hair was 
removed with either a razor or a commercial depilatory (Neet, White-
hall Laboratories). The skin was removed, and thorough ly washed with 
water, or isotonic saline. 
If whole skin was to be used, subcutaneous fat was scraped off and 
the skin was cut in to fragments (2 em X 2 em). These were froze n in 
liqu id ni trogen and ground in a mortar and pestle under liquid N,. T he 
crushed powder was used immediately or stored in liquid N 2• When 
epidermis was to be prepared, it was stretch-separated [19] from skin 
and collected directly into lysis buffer, which was commonly the gua-
nidine extraction buffer used below. In some instances the epidermis 
was collected into liquid N 2 and processed as described above fo r whole 
skin . 
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Newborn ra t skin was collected from a nimals 1-2 hr postpar tum, a nd 
was processed as described fo r guinea pig skin. Epilation was not 
n ecessary. 
(iii) Ex/m e/ion of RNA 
Isolation of skin RNA ut ilized high concentrations of guanidine 
h y drochloride [20,21]. For reasons discussed below, it was not po sible 
to use these procedures without substantial modification. After re-
p eated extraction (2-4 times) with 6 M guanidine, a nd precipi tation with 
ethanol as desc ribed [211 the " nucleic ac id" pellet was digested with 
proteinase K [22], extracted wi th phenol:chloroform (I: l) a nd precipi-
tated sequentia lly with sodium acetate, and etha nol [21l RNA isolated 
by thi technique was pmified on discont inuous CsCl gradients [23]. In 
som e preparat ions, the guanidine extract pelle ts were subjected to th e 
CsCl purification without intermediate steps. 
Chromatography of t he RNA on oligo(deoxythymidylate) -cellulose 
was performed as described by Aviv a nd Leder (24l 
(iu) Size Analy~; is of RNA 
RNA sa mples, in water or 10 mM Tris pH 7.4, 1 mM EDTA, were 
layered over 11.2 ml 1.0-40% sucrose gradients in 100 mM NaCl, 10 mM 
Tris pH 7.4 , 1 mM EDTA, for centrifugat ion in the SW41 rotor at 37,000 
rpm a nd 4° for 13-15 hr in a Beckman L2-65 centr ifuge. Alterna t ively, 
s mall amounts (approximately 5 f.Lg) of RNA were analyzed by gel 
e lectrophoresis on ac id 2.5% agarose gels in 6 M urea as described by 
Rosen et a l [25l The gels were stained with ethidium bromide [26] and 
bands visua lized and photographed with short wavelength ultraviolet 
li g h t (UV Products, San Gabriel, Ca lifornia). 
(u) Tmnslation of RNA 
M essenger RNA-dependent reticulocyte lysa tes were prepa red es-
sentially as described by Pelham a nd J ackson [27]. The optimum I<+, 
Mg++, and spermidine concentrat ions were 100-1 25 mM , 0.5 mM and 
0.2 mM, respectively; some variat ion in these optima was see n with 
different preparations. The nuclease digestion to remove endogenous 
mRNA was performed in the absence of the a mino acid (leucine, 
m ethionine or isoleu cine) which was to be used as the radioactive label. 
Predigested lysates could be stored in liquid N, until ready for use, and 
r etained activity for at least 1 yr. 
Samples were assayed for the presence of mRNA activity in a 
standard reaction mix ture (27 f.Ll) containing 20 f.L l of predigested lysate 
(supplemented with a mino acid ·, ,sa lts, energy system, etc., a nd equiv-
alent to 13.5 f.Ll of reticulocyte lysate), with 0.4· f.LCi ["H)-leucine a nd 
RNA in a combined volume of 7 11!. Incubation was at 30°; the duration 
of incubat ion was varied as described below. Two controls were run in 
all experiments, one om itting RNA, a nd one using part ially purified 
rabbit glob in mRNA. mRNA-dependent protein synthesis was mea-
s ured by spotting a n a liquot of the mixture unto a glass tiber filter 
(Whatman GF I A), and determining the hot. trichloroacetic acid-insol-
uble radioactivity retained by the filter. Filters were sequentially 
washed in cold t richloroacetic acid, acetone, and ether and assayed in 
a xylene-based scin t illation fluid. . 
In order to analyze the products of t ranslation, we ut ilized larger 
r eaction mixtures (100 or 250 Ill) , together with a higher concentration 
of ["Hl-leucine (50 11Ci/ ml). Alternatively 200-400 11Ci/ml ['15S]-methi-
oni ne was used with the smaller reaction mixtures. RNA was added at 
levels which were calculated to be subsaturating. In some experiments 
polysomes were removed after incubation by centrifugation in the 
Beckman type 65 rotor at 40,000 rpm for 15 min. Transfer RNA was 
discharged with ribonuclease A in a ll experiments. Where polysomes 
were removed by centrifugation. the nuclease was added to the postri-
bosomal supernata n t. 
(vi) Ana.lysi~; of Tra.nslation Product.~; 
Samples were prepared for ge l electrophoresis, and analyzed on 
discontinuous SDS-polyacrylamide slab gels as described [ 4]. After 
electrophoresis, the tracks with molecular weight markers were cut 
from the gel and stained. The rest of the gel was prepa red for flu orog-
raphy [28], dried, and exposed against Kodak XR-5 ftlm at -80° . The 
fum was sensit ized as described by Laskey and Mills [29]. 
Two-dimensional polyacrylam ide gel electrophoresis, wi th isoelectric 
focus ing as the first dimension and SDS gel electrophoresis as the 
second, was performed as described by O'Fa rrell [30]. 
(vii) Preparation of Guinea Pig Epidermal Keratin 
Stretch-separated epidermis was homogenized wi t h a tissumizer 
(Tekmar Co., Cincinnati , Ohio) in 25 vol of 10 111M Tris pH 7.4 containing 
1 mM EDTA, and the insoluble mater ia l was collected by centrifugation. 
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This pell et was re-extracted with the same buffer, and subsequent.ly 
with 8 M urea, 10 mM Tris pH 7.4 , 1 mM EDTA, 0.1 M /3-mercaptoeth-
a nol. This urea-soluble fraction was dialyzed against 0.1 M cit ric acid. 
pH 2.6; insoluble material was removed by cent rifugation. The ac id-
soluble material in the supernatant was then purified by a series of 
precipi tations a L pH 7.0, 6.0, 5.0 a nd 4.5, as described by Baden a nd Lee 
[3l 
(viii) A nalytical Methods 
H.NA was estimated by absorba nce at 260 nm , assuming that a 1.0 
mg/ mi splu l ion has an A~" ' of 25. In RNA/ DNA mixtures, RNA was 
measured by the orcinol procedure (31] and DNA by the diphenyla mine 
method [32]. Protein was measured by t he method of Lowry et a l 
[33]. 
RESULTS 
(i) Isolation Procedures for Skin RNAs 
Isolation of intact RNA from the skin or epidermis of the 
guinea pig is complicated by the presence of high endogenous 
levels of tissue ribonucleases [15). These enzymes preclude the 
use of conventional techniques for mRNA extraction involving 
a preliminary fi·actionation of the tissue, such as isolation of 
polysomes. Thus, in preliminary experiments the tissue was 
homogenized in a variety of denaturants, with a view to rapidly 
inactivating the tissue enzymes. Disruption of the tissue in 
emulsions of aqueous sodium dodecyl sulfate and phenol gave 
reasonable yields of RNA (1-1.5 mg/ g skin). The presence of 
considerable amounts of low molecular weight RNA when the 
SDS-phenol preparations from skin were examined on sucrose 
grad ients (Fig la) indicated that degradation had occuned 
during the extraction. On the other hand, guanidine extraction 
[21] of the skin gave RNA with minimal evidence of degrada-
tion, but yields were variable . This variabili ty was attributed to 
the presence of large amounts of protein in the "RNA" precip-
itated prior to the chloroform-butanol extraction. The protein 
led to trapping of RNA at the interphase. Digestion of the 
extracts with proteinase K led to significant improvements in 
yield and t he RNA showed li ttle evidence of degradation (Fig 
lb). The quality of the RNA obtained using this modification 
was also more reproducible. A typical preparation of skin RNA 
contained 0.12% DNA, and 0.25% protein. It is conceivable that 
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FIG I. Sucrose grad ient centrifugat ion of skin RNAs. In each in-
stance, the gradients contained 10-40% sucrose in 100 mM NaCl, 10 mM 
Tris, pH 7. 4, l 111M EDTA, a nd were cen trifuged in the SW41 rotor at 
37,000 rpm at 4°. a., RNA isolated by collecting epidermis in to a n 
emulsion of equal volumes of 100 mM 'T'ris, pH 9, 2% SDS and phenol : 
ch loroform (50:50 v j v ), followed by disruption of the t issue, a nd con-
ventiona l ph enol extraction, high salt precipitation and ethanol precip-
itation. The gradient was centrifuged for 13 hr. b, RNA isolated by the 
gua nidine technique (Materia ls and Methods) a nd purified by CsCI 
centrifugation. The gradient was cent rifuged for l 5 hr. The posit ions of 
188 a nd 288 rRNAs are indicated. 
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thi apparent low level of contaminatio n could be a consequence 
of RNA interfering with t he a nalytical techniques for DNA a nd 
protein estimation. 
F'igure 2 shows the electrophoretic pattern obtained when 
guan idine-extracted RNA was examined on denaturing agarose 
gels [25]. The sample contained in tact 18 and 28S r ibosomal 
RNAs with seve ra l minor species of lower molecular weight. 
T hese could either be othe r abundan t cellula r RNAs or specific 
degradation products of the ribo omal RNAs (some degradation 
may have occurred despite the precautions taken to minimize 
nuclease effects). 
(ii) RNA-Associated Inhibitors of Translation 
RNA iso lated using this gua nidine hydrochloride technique 
conta ined a potent inhibitor, or inhibi tors, of translation. This 
inhi bitor was quantitated by its effect on t he translation of 
globin mRNA in mRNA-dependent reticulocyte lysates, or on 
t he protein synthetic activity of normal (i.e. not nuclease-
t reated) reticulocyte lysate. In each assay (Table I, experiments 
A and B), there was s igni.ficant inhibi t ion of incorporation of 
labe led a mino acid into protein. S imilar inhibi tors have been 
observed in RNA from other spec ies prepared wit h the gua ni-
dine tec hniques [21]. In contrast to published findings [21], we 
were unab le to remove t he inhibi to r by sucrose grad ient cen-
trifugation-rather, the inhibitory activity was associated with 
RNA throughout t he gradient . 
T he inhi bito r a rises during t he gua nidine extraction, as sim-
ilar extra ·tio ns us ing p~rified RNA h·om reticu locytes a lso 
contained inhi bito r. However, t he presence of inhibi tor was 
unrelated to t he purity of the guan idine hydrochloride. At-
tempts to remove the inhibi tor by phenol extraction of t he 
28 s 
18 s 
A B c D E · F G 
FI G 2. l•;lectrop hores is of skin RN As unde r denaturing cond it ions. 
5-() {lg of each of the severa l preparations of skin RNA were subjected 
to e lect roph ores is on a 2.5% agarose ge l in 6 M urea, 25 mM sodium 
cit ra te pH :J.5 [251, and the ge l was stai ned wit h ethidium bromide 
f26 l. Tracks A ·F conta in ad ult guinea pig skin I~NA. Track G conta ins 
newborn rat skin RNA. 
Vol. 74, No. 6 
RNA, or by repeated precipitation from high salt to e li minate 
DNA, or by thermal denaturation of the H.NA were unsuccess-
ful. The fact t hat we could iso late RNA which was virtually 
in tact but nonfunctional makes it unlikely that t he inhibi tor 
was ribonuclease contaminating t he preparations. 
If the guan idine-extracted RNA was purified by centrifuga-
tion t hrough CsCl grad ients [23], where H.NA is the only cellular 
component which sediments, t he inhibitor was eliminated 
(Tab le I). However, even with RNA preparations of t his type, 
the addition of high concentrations of RNA to the cell-free 
system would occasionally lead to inh ibi tion of translation (see 
below). 
(iii) Translation of Shin RNA.~ 
RNA iso lated h·om skin had lower specific messenger activity 
than RNA isolated h·om other t issues, such as liver (Fig 3). The 
lower specific activity was observed for each of the a mino acids 
tested, indicating that t his phenomenon was not a function of 
differences in a mino acid composit ion of the proteins of the skin 
and the liver. 
Indeed, it was found (for t issues other t ha n skin) that any 
RNA isolated by the gua nidine hydroc hloride technique had 
low specific activity relative to H.N A isolated by a conve ntional 
phenol extraction procedure. While the low activi ty could be 
TABLE l. Inhibition of protein synthesis by skin R NA" 
Experiment cpm. 'H 
c; of 
control 
A'' Contro l'. 27920 100 
+ I.G f.!g skin RNA 1()290 58.3 
B" Control'" 37830 100 
+ 11.1 f.!gskin RNA ( I ) 10940 28.9 
+ 11.7 f.!g skin RNA (2) 11 550 30.5 
+ 8.9 f.!g skin HNA (3) 15700 4l.5 
Contro l'" 33770 100 
+ 8.7 f.!g skin RNA 36440 108 
"Protein synthesis measured af< hot trichloroacetic ac id -in:olu ble 
["Hl -le ucine cpm; reaction volume 27 1tl; coun ted 20 f.! l. 
"N uclease-treated mHNA dependent lysate, supplemented with 0.1 7 
ftg rabbit globin mR A. 
,. Contro ls contained a ll components except skin HNA, which was 
replaced with wate r. 
"Nonnuclease-treated lysa te. 3 d ifferent skin RNA preparat ions 
were assayed. 
·· Nonnuclease- t.reated lysate. S kin li.NA purified b.v CsC I ce nt rifu -
gation. 
PHl cpm 
per 5 ~JI 
K IQ- !1 
Incubat ion time , mfn. 
(l'S) cpm 
per 5~1 
I 10· !1 
F I G 3. Protein synt hesis stimulated b~' RNA from guinea pig a nd 
rat li ver. Reticu locyte lysates dependen t on added mRNA, a nd lacking 
e it he r leucine (a) , iso leucine (b), or methion ine (c) were prepared 
[24l Reaction mixtu res (50 fd ) conta ined eit he r no RNA (e-e ), 7.3 f.!!!: 
rat li ve r RNA(~-~) or 8. 1 ftg sk in RNA (• -• ); 37 f.! l of nuclease-treated 
reticulocyte lysate a nd eit her 0.8 f.! i ["H l -le ucine (a.). 2 11C i ["H} 
isole ucine (b) or 1 f.LC i ['"'S}methionine (c). The sampl es we re incubated 
at 30° , a nd 5 /.d a liqu ots we re withdrawn at t he indicated times for 
determin ation of hot t richloroacetic ac id - insoluble rad ioactivity. 
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par t ially attribu ted to t he inhi bitor(s) discussed a bove, removal 
of th e in hibi tor did not increase t he specific activity t.o th e 
h i gh e r levels of reticulocyte HNA. 
Highly purified , unfractionated skin R N A saturated t he cell-
1000 
cpm/ 
/ lOJJI 
500 
• 
2 .5 
• 
• 
• 
5 .0 
F tG 4. Dose-dependent Lranslat. ion of 2 skin HNA preparalions. 
Reaction mixtures of 27 fL l wilh [~H) - l eucine as label conta ined varying 
concentrations of skin HNA, and were incu bated at 30° fo r 75 min. 10-~tl aliquots were assayed fo r hot trichloroaceli.c acid- insoluble radio-
acLivity. ln this experiment, 0. 17 fLg of globin mRNA as a control 
y ielded 25,000 cpm/ 10 fL l. Two diffe rent skin preparations were assayed (e - e , A - A ). 
0 .05 
10 20 30 
Fract ian 
Frc 5. Size distribu tion of a mRNA activity. 520 J.Lg of guinea pig 
skin RNA was loaded onto a 10-40% sucrose gradient., which was 
centrifuged as described in Fig lb. 0.4 ml fractions were collected across 
the grad ient., and the RNA in each was ethanol-precipi tated, and 
recti. solved in 50 1•l H 20. 2 fL l of each fraction was translated in a 
13.5-fLI system, containing 0.3 11Ci ["Hl-leucine. lO fLl of each reaction 
was coun ted. • -• ["H] cpm, A-A A 2,.,. The positions of 188 and 288 
rRNAs are indicated by the arrows. Sedimentation is from left to right. 
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free system at qui te low levels (Fig 4); on occasion, levels hi gher 
th an saturating were inhi bitory. 
(iu) Size Distribution of mRNA Activity 
T he mHNA activity wa heter ogeneous in size. W hen RNA 
from skin was frac tionated on a nondenaturing sucrose grad ien t, 
t h ere was a h eterodispe rse distribu t ion of messenger act ivity 
across th e gradien t (Fig 5) . T his mRNA activity pa rt ia lly re-
solved into 3 broad peaks at approximately l OS, 208 a nd 288. 
Because th e R N A was not disaggregated prior to or dur ing 
cen t rifugation, t h e m R NA activ ity in so me or a ll of th ese peaks 
could represen t aggregates of mHNA with other HNA species. 
If aggr egation occLUTed, this would be detected by ana lysis of 
t he t ranslation p roducts of gr adien t frac tions. T h e mRNA fo r 
a specific pro tein would appear to be d istribu ted widely on the 
gradient from its actual m olecular weigh t up to a nomalously 
high values. T his is discu sed furth e r below. 
(v) Translation Products of S hin R NAs 
T he products of t ra nslation were a na lyzed by ge.l electropho-
resis, a nd flu or ography. As is sh own in F ig 6A, gu inea p ig 
epidermal keratins isolated by extraction a nd isoelectric p recip-
itation consist of at least 7 po lypeptide species w hich m igrate 
A B 
MW 
X 10-4 
BSA 7 
lgG, H 6 
Qv. 5 
-4 
lgG, L -3 
B- Lac. 
-2 
F IG 6. Comparison of translation products of skin RNA with epi-dermal keratins. A, Samples of guinea pig keratin (120 p.g), prepared as· described in Methods, and of standard proteins were dissolved in 1% 
S DS, 100 mM di thiothreito l, 10% glycerol. T he samples were boiled fo r 5 min, loaded onto a discontinuous SDS polyacrylamide slab gel elec-
trophoresis [ 4] , and run at 20 ma fo r approximalely 6 hr. The gel was 
stained with Coomassie Blu e. T he left !racl! conta ined keratins, the 
right tracli the markers (BSA-bovine serum albumin; lgGH, l gGL-
heavy and light chains, respectively, of human y-globulin; Ov - ova l-bumin; /3- lac - {3- lactoglobulin). B , T ranslat ion products of skin RNA, labeled with [358 ]-methionine, were prepared for gel electrophoresis, as 
above. The gel was prepared fo r flu orography after electrophoresis [28,29l The molecular weight cale was determined from t.he migmt.ion 
of standard proteins in a paraLl el, stained track, similar to that in A. 
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on SDS-polyacrylamide gel electrophoresis between serum al-
bumin (MW 68000) and ovalbumin (MW 45000). A significant 
portion of the radioactive products of a protein synth esizing 
system directed by skin mRNAs migrated in this molecular 
weight range (Fig 6B) . FUTther evidence that we have identified 
keratin mRNAs lies in t he observation that these same poly-
peptides were the major translation products of RNA extracted 
from isolated epidermis rather than whole skin. However, epi-
dermal RNA preparations were less consistent in their mRNA 
activity than those from whole skin, perhaps because they were 
more susceptible to degradation by endogenous nucleases, a nd 
were not routinely used. 
FigW'e 7 shows the translation products obtained when the 
RNA is fractionated by cl11'omatography on oligo(dT)-cellulose. 
T here does not seem to be any significant qualitative difference 
between the products of translation of t he 3 RNA fractions 
tested (i.e., bound, nonbound, and unfractionated). Thus, pre-
sumptive keratin mRNA molecules are present in both the 
polyadenylated and nonpolyadenylated fractions. The presence 
of mRNA in the nonpolyadenylated fraction is probably not 
due to saturation of binding sites on the chromatographic 
column. In one experiment, 2.8% of the RNA applied to the 
column was retained ini t ially. When the initially nonbound 
fraction was rechromatographed, less than 0.4% was retained. 
Figure 8 shows the products of translation of RNA fraction-
ated by sucrose gradient centrifugation (F ig 5). It can be seen 
that the messenger RNAs for specific proteins are widely dis-
tr ibu ted on the gradient. For example, th e mRNAs for the 
IVIW 
)( 10-4 
7 
6 
5 
-4 
-3 
-2 
A 8 c 
fiG 7. Polyacrylamide gel electrophoresis of translation products of 
polyadenylated and nonpolyadenylated skin RNAs. The ['"'S]-methio-
nine labeled products of translation of unfractionated skin H.NA (A-
specific activity 25,600 cpm/ 11g RNA), oligo(dT)-cellulose-nonbound 
RNA {B-specific act ivity 14,500 cpm/ f,!g RNA) and oligo(dT)-cellulose 
bound RNA (C-specific activity 220,000 cpm/f.!g RNA) were prepared 
for electrophoresis as described in the legend to Fig 6. Rad ioactive 
bands were detected by fluorography. Approx imately eq ual amoun ts of 
radioactivity were loaded in each well. 
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presumptive keratins were fo und in fraCtions at 18-208 and at 
28S. Since a 28S RNA wou ld be approximately twice as large 
as one of -198, th e presence of the same mRNA activit ies in 2 
peaks of such disproportionate size suggests that t he "larger" 
mRNAs are aggregates of the -19S RNA with other RNA 
species. Indeed, the amount of "keratin" mRNA in this 288 
fraction varied somewhat between preparations. Disruption of 
secondary structure in t he RNA would appear to be a prereq-
uisite if gradient centrifugation is to be used as a preparative 
procedure. 
In Figures 6-8, a radioactive band at MW-47000 can be seen. 
A labeled band in this region was present in all reaction mix-
tW'es, including those to which no mRNA added. A sin1ilar 
endogenous protein product has been observed by other work-
ers using t his reticu locyte lysate system [24]. The intensity of 
the band increased in systems containing added skin mRNA, 
suggesting the presence of a sk in protein product which mi-
grates together with this endogenous species. H owever, as can 
be seen in Fig 8, addi t ion of RNA which is too small to encode 
th is species did not stimulate its synthesis (compare t racks A 
a nd B). Thus, it is not probable that the nonspecific addition of 
any mRNA species leads to this protein product. 
Additional evidence that the translation products of MW -45-
65000 are keratins is provided by the data displayed in Fig 9. 
Carrier guinea pig keratin was added to t he products of a cell-
free protein synthesizing system stimulated with the poly(A) -
containing fraction of skin RNA. The carrier a nd products were 
then subjected to 2-d imensional gel electrophoresis using the 
technique of O'Farrell [30]. Comparison of the stained electro-
phoretic gel with th e resulting fluorograph revealed that cell-
free translation products migrated in the " keratin" region of the 
gel (boxed areas in Fig 9). At least four cell-free products 
(arrows) precisely comigrate with carrier keratin. 
MW 
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FIG 8. Analysis of translational products of gu inea pig skin RNA 
fractionated by sucrose gradient centrifugation. RNA fractions from 
the grad ient shown in Fig 5 were translated and the products, labeled 
with ['"'Sl-methionine, were analyzed by gel electrophoresis and !1uo-
rography. Trac/1 A-mixture with no added RNA. Tracl<s B·F-frac-
tions 9, 17, 19, 22 and 24 , respectively. Note that in B , most of' the 
translation products migrated ofT the ge l. 
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FIG 9. Two-dimensional gel electrophoresis of translation products of skin polyadenylated HNA. The translation product , labeled with 
e''S)-methionine, were supplemented with 100 ,tg of carrier keratins, and subjected to 2-d imensional gel electrophoresis, as described by o·Farrell 
[30]. T he gel was sta ined with Coomassie Blue (A) and then prepared for flu orography (B) . The region bounded bv the box indicates tl~ e keratins. 
T ranslation products wi th stained coun terpa:·ts are marked with wTows. /EF-isoelectric focusing. SDS-SDS pol: aery lam ide gel electrophoresis. 
DISCUSSION 
It proved possible in the course of this work for us to isolate 
R NA from guinea pig or rat skin using techniques [20,21] 
d esigned to rapidly inactivate the ribonucleases present in the 
t issue [15]. A typical RNA preparation isolated in this way 
conta ined negligible levels of con taminating DNA or protein. 
This RNA conta ined a n inhibitor , or inhibitors, of protein 
synthesis, which could not be removed wi th procedures de-
s igned to elimina te DNA, protein, or secon<!ary structure in t he 
R NA. The inhibitory activity was less dense than RNA, a nd 
could be removed by CsCl gradient centr ifugation [23]. Because 
the inhibi tor probably a rose during the isolation procedure, we 
concluded that it did not justify fur t her study once the method 
for eliminating it was found . 
RNA isolated from the sk in was judged to be largely in tact 
by 2 criteria. Firs tly, t here was a n approx imate ly 1:1 mo.l ar ratio 
of the 28S a nd 18S rRNAs in the preparations. This evidence 
suffers from a signifi cant limitation, however, since mRNA in 
in vitro systems, a nd presumable in vivo , is more sensitive to 
nuclease digest ion than rRNAs. This sensit ivity forms the basis 
for preparation of t he mRNA-dependent reticulocyte lysate 
[27] used in t hese experiments. Intact rRNA t herefore does not 
imply in tact mRNA. The second a nd more compelling indicato r 
is the pre ence of mRNA fun ctional activity in t he preparations 
(Fig 3) . Since a s ignificant fi ·action of the proteins encoded by 
t hese RNAs migrate as keratin on polyac rylamide gels (Fig 6-
8) and on 2 dimensional gels (Fig 9), at least a port ion of the 
epidermal mRNA is in tact. 
In this work electrophoretic mobility in the presence of SDS 
was used to ident ify keratins as major t ra nslation products of 
skin RNA. This was confirmed by the use of a 2-d imensional 
gel analysis of the in vitro products. Most of t he la beled spots 
in the keratin region had stained counterpar ts among t he ca rrier 
keratins. D efinitive identification may require furth er anal ysis 
of t he in vitro products of synt hesis di1·ected by parti~lly 
purified mRNA, using peptide mapping [6] or immunological 
proceduTes. 
Keratin mR NA was found in both polyadenylated and non-
polyadenylated fractions. This may be a n ex perimental rutifact 
or may indicate t hat some keratins ar e encoded by mRNAs 
containing poly( A), while others are encoded by nonpoly(A)-
containing mRNAs. There is a precedent for this, s ince specific 
actin mRNAs, for example, a re polyadenylated, while· others 
ar e not [34]. Another possibility is t hat ali of the mRN As a re 
polyadenylated, but th at som e molecul es have a poly (A) se-
quence too short to in teract with t he oligo(dT) . S uch short 
poly(A) sequences can arise as a consequence of mRNA aging 
[35,36]. This possibility would be consistent with t he quali tative 
simila ri ty between t he products encoded by t he poly (A)-con-
taining a nd nonpoly (A)-containing RNAs (Fig 7) . 
. The aim of. t his work was to determ ine t he feas ib ili ty of 
1solatmg keratm mRNA from ma mmalia n epidermis. Isolated 
epidermis proved to be a less relia ble source of mRNA t ha n 
whole skin; the RNA from t he latter, however, encodes epider-
mal protem products. The presence of a polyadenylate sequence 
on the mRNA, a nd t he physical fractionation procedmes out-
lined above should enable furth er purification of t he keratin 
messengers. Experiments aimed at t his purification ar e cur-
rently in progress in our la boratory. The purified mRNA will 
t hen be used as th~ template for the syn thesis of a complemen-
ta ry DNA, usmg v1ral polymerases [9,37,38]. S uch complemen-
tary DNAs h ave proved to be of considera ble use in examining 
t he regulatiOn of t he expression of specific genes [9,11-16.1 in 
other systems a nd should be of simil a r value in the ma mma lia n 
epidermal system. 
Afte r this ma nuscript was submi tted for publication Fuchs 
a nd Green [39] described t he iso lation of mH.N A fi·om ~ultures 
hum~n epidermal cells. This messenger was shown to code for 
keratms m hetero logous ce ll-free t ranslation systems. 
We wish to thank T. -T. un, K.W.C. Peden, P. Tolstoshev. and M.E. 
Gil martin, for their advice during Lhe course of this work. and fo r their 
co mments on the manuscripi. The collaboration of Mr. A.P. Bertolino 
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